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Rector of State University of Padang 
 
Ladies and Gentlemen, 
It give me great happiness to extend my sincere and warm welcome to the 
participants of the International Conference on Mathematics, Science, Education and 
Technology (ICOMSET 2015). On behalf of Universitas Negeri Padang, let me 
welcome all of you to the conference in Padang, West Sumatra Province, Indonesia. 
We believe that from this scientific meeting, all participants will have time to discuss 
and exchange ideas, findings, creating new networking as well as strengthen the 
existing collaboration in the respective fields of expertise. In the century in which the 
information is spreading in a tremendous speed and globalization ia a trend. 
Universitas Negeri Padang must prepare for the hard competition that lay a head. 
One way to succeed is by initiating and developing collaborative work with many 
partners from all over the world. Through the collaboration in this conference we can 
improve the quality of our researches as well as teaching and learning process in 
mathematics, science and technology. 
I would like to express my sincere appreciation to FMIPA UNP and organizing 
committee who have organized this event. This is a great opportunity for us to be 
involved in an international community. I would also like to extend my appreciation 
and gratitude to keynote speakers and participants of this conference for their 
contribution to this event.  
Finally, I wish all participants get a lot of benefits at the conference. I also wish all 
participants can enjoy the atmosphere of the city of Padang, West Sumatra. 
 
Thank you very much 
 
 















Dean of Faculty of Mathematics and Science 
State University of Padang 
 
Rector of State University of Padang  
Vice-Dean of Faculty, Mathematics and Science  
Head of Department in Faculty of Mathematics and Science 
Distinguished Keynote Speakers  
Organizers of this conference  
Dear participants  
Ladies and gentlemen 
I am delighted and honored to have this opportunity to welcome you to ICOMSET 
2015 - the International Conference on Mathematics, Science, Education and 
Technology, which is hosted by Faculty of Mathematics and Science, State 
University of Padang.  
As the Dean of Faculty of Mathematics and Science, I wish to extend a warm 
welcome to colleagues from the various countries and provinces. We are especially 
honored this year by the presence of the eminent speaker, who has graciously 
accepted our invitation to be here as the Keynote Speaker. To all speakers and 
participants, I am greatly honored and pleased to welcome you to Padang. We are 
indeed honored to have you here with us. 
The ICOMSET organization committee and also the scientific committee have done 
a great work preparing our first international conference and I would like to thank 
them for their energy, competence and professionalism during the organization 
process. For sure, the success I anticipate to this conference will certainly be the 
result of the effective collaboration between all those committees involved. 
This conference is certainly a special occasion for those who work in education, 
mathematics, science, technology, and other related fields.  It will be an occasion to 
meet, to listen, to discuss, to share information and to plan for the future. Indeed, a 
conference is an opportunity to provide an international platform for researchers, 
academicians as well as industrial professionals from all over the world to present 
their research results. This conference also provides opportunities for the delegates to 
exchange new ideas and application experiences, to establish research relations and 
to find partners for future collaboration. Hopefully, this conference will contribute 
for Human and Natural Resources.  
I would like to take this opportunity to express my gratitude to all delegates and 
sponsors for their full support, cooperation and contribution to the ICOMSET 2015. I 
ICOMSET 2015 





also wish to express my gratitude to the Organizing Committee and the Scientific 
Committee for their diligence. The various sponsors are also thanked for their kind 
support. 
In closing, I realize that you are fully dedicated to the sessions that will follow, but I 
do hope you will also take time to enjoy fascinating Padang, with its tropical setting, 
friendly people and multi-cultural cuisine.  
 
I wish the participants a very fruitful and productive meeting and with that. Finally, 
we respectfully request the Rector of State University of Padang to open the 
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Chairman of Organizing Committee 
 
Firstly, I would like to say welcome to Padang Indonesia. It is an honor for us to host 
this conference. We are very happy and proud because the participants of this 
conference come from many countries and many provinces in Indonesia.  
Ladies and gentlemen, This conference facilitates researchers to present ideas and 
latest research findings that allows for discussion among fellow researchers. Events 
like this are very important for open collaborative research and create a wider 
network in conducting research. 
In this conference, there are about 120 papers that will be discussed from various 
aspects of mathematics, science, technology, education and other related topics.  
For all of us here, I would like to convey my sincere appreciation and gratitude for 
your participation in this conference. 
 
Thank you very much 
 




















DEVELOPING CALCULUS LEARNING MODEL BASED ON THE THEORY  






University of Bengkulu 
 
Based on the results of the preliminary research, it was figured out that the learning process of Calculus 
was not yet run optimally. This research, then, was designed for developing Calculus Learning Model based on 
the Theory of APOS, and to reveal the validity, the practicality and the effectiveness of the model developed. 
This was a developmental research which applied Plomp design that consisted of three phases covering 1) 
preliminary research, 2) prototyping phase and 3) assessment phase. In prototyping phase, an informative 
evaluation that consisted of experts’ review, individual try-out, small group try-out and big group try-out was 
done.   The validity of the data was seen from the validation activities done by the experts on Calculus Learning 
Model based on the theory of APOS, the syllabus, the Lesson Plan, the Worksheet and the Maple Introduction. 
The practicality of the data was measured through filling the fit and proper questionnaire done by the experts, 
observation on the implementation of the model done by the observer and filling the worksheet done by the 
lecturers and the students. The effectiveness of the model was seen through observing the students’ activities, 
observing the lecturer’s ability to manage the Calculus Learning Model based on the theory of APOS, 
distributing motivation questionnaire and responsive questionnaire to the students and administering a posttest. 
The data gathered then was analyzed by using descriptive statistics and inferential statistics. The results of data 
analysis indicated that the development of Calculus learning Model based on the Theory of APOS significantly 
could increase the students’ learning outcomes. Therefore, Calculus II Learning Model based on the Theory of 
APOS developed was valid, practical and effective. Based on the finding above, it was concluded that MPK-
APOS model was in line to the development of educational paradigm which moved from teacher-centered 
learning to student-centered learning. The implication of this research is that the theory of APOS should be 
widely introduced to Mathematics lecturers to improve the quality of learning process. For the upcoming 
researchers, it was suggested to develop the model to the other similar lectures in order to find out the effect of 
the theory of APOS on Calculus subject.  
 
Index Terms--- The Development of Learning Model, the Theory of APOS, Calculus, the Validity, the 




      Calculus is the compulsory subjects offered in the 
Department of Mathematics Faculty of Mathematics 
and Natural Sciences, Mathematics Education 
Program in the Faculty of Education, and in some 
courses or programs of study that makes the calculus 
as basic courses in various universities in Indonesia. 
       After studying calculus students expected to be 
able to use calculus as a tool in the process of solving 
and resolving various problems in science and 
technology, and can learn the next level of 
mathematics material based Calculus as a tool 
(Martono, 1999). 
       The target to be achieved after a student studying 
Calculus is acquiring basic knowledge well and have 
mindset of mathematics, in the form of: (1) well-
organized patterns of scientific critical thinking, 
logical and systematic; (2) trained power of reason 
and creativity after studying various strategies and 
tactics in solving the problem Calculus; (3) trained in 
designing simple mathematical model; (4) skilled in 
mathematics technical standard supported by 
concepts, reasoning, formulas, and the correct method 
(Martono, 1999). 
        Higher-level thinking skills or known as the 
Higher Order Thingking Skills (HOTS) includes 
thinking: critical, logical, reflective, metacognitive 
and creative thinking (King, 2010). At Bloom's 
Taxonomy, HOTS at the level of analysis, synthesis 
and evaluation (King, 2010). From the explanations 
above we can conclude that learning Calculus will 
help students to train high-level skills. 
       APOS is a learning theory that is devoted to the 
study of mathematics at the college level, which 
integrates the use of computers, learning in small 
groups, and pay attention to mental constructions 
done by students in understanding a mathematical 
concept. Mental constructions are: action, process, 
object, and schema are abbreviated with APOS 
(Dubinsky, 2001). 
       Developing the ability to think critically and 
creatively and solve problems associated with student 
life is important. Critical and creative thinking skills 
can be developed through learning activities (Mustaji, 
2012). 
       When linked between Calculus, Implementation 
APOS theory, and the ability of high-level thinking, it 
can be concluded that when learning Calculus taught 
student-centered approach, and based APOS theory, it 
ICOMSET Mathematics Education
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will wake up a high-level thinking skills of students. 
For that it is necessary to develop a learning model 
for Calculus by APOS theory. In this research 
material is restricted on Integral Calculus (Calculus 
II). 
 
2. IDENTIFICATION OF PROBLEMS 
 
       Based on the results of the preliminary study 
found that the problems encountered in the learning 
Calculus II is as follows: 
1. The results of student learning in subjects Calculus 
II low, where the average number  
of students who obtained an A or a B <50%. 
2. The lack of mastery of prerequisite Calculus II by 
students. 
3. Students are not used to reading books at home, 
and would rather listen to the explanation of the 
lecturer. 
4. Lack of power struggle student 
5. Students passive 
6. Learning centered on lecturer 
7. Do not give the opportunity to the students to learn 
to work together in small groups, or to learn to 
communicate in the classroom. 





       Based on the background and the identification of 
the problem, can be formulated research problem of 
this development are: how is the development of 
learning model for Calculus based APOS theory, 
valid, practical, and effective, and how the level of 
validity, practicality, and effectiveness of the learning 
model developed? 
 
3. RESEARCH PURPOSES 
 
       Based on the background and the formulation of 
the problem mentioned above, the development 
objectives are: 
1. Develop a learning model for Calculus based 
APOS theory, valid, practical, and effective. 
2. Determining the level of validity, practicalities, and 
the effectiveness of the learning model based on the 
theory APOS to Calculus. 
 
4. RESEARCH METHODS 
 
        Development of Instructional Model to Calculus 
Based on APOS theory in this research follows the 
general model of the design development according to 
Plomp (2013: 19), which consists of three stages or 
phases, namely: Preliminary Research, Development 
prototype stage or Prototyping Phase, and the 
Assessment Phase. 





Research Activity Description of Activities 
1 Preliminary  
Research 
Needs Analysis Prelimenary investigation of the need, the 
development of teaching models 
for calculus based on the theory APOS 
Analysing the purpose and content of the 
courses Calculus  
Analyzing the characteristics of students 
Analyzing learning resources 
The Review of 
Literature 
Analyzing theories and concepts related 
to, Learning Model for Calculus, Based 
on APOS Theory  
2 Prototyping Phase designing a prototype Designing a learning 
model for Calculus based APOS theory, and 
designing learning tools 
test validity To test the validity of the prototype 
Revision Revise the prototype 
based on the validity of the test results 
test practicalities To test the practicalities of the prototype 
Revision Revise the prototype 
based on test results practicalities 
3 Assessment Phase and Test Effectiveness To test the effectiveness of the prototype 
Revision Revise the prototype 
based on the results of the effectiveness test 
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5. SUBJECT TO TEST PRODUCT 
 
       This product trials are limited testing conducted 
on students taking Calculus II course in the academic 
year 2013/2014. Test the practicalities and 
effectiveness trials, carried out at different times and 
places. 
 
6. SUBJECT TO TRIAL PRACTICALITIES 
 
       Test the practicalities carried out in the 
Department of Mathematics Faculty of Mathematics 
and Natural Sciences, University of Bengkulu There 
are two classes are used as a test that is Class A 
consisted of students who have Student Identification 
Number (NIM) odd, totaling 22 people, and Class B 
consisting of students who have fulfilled NIM, 
totaling 34 people. Difference occurs because there 
are some students with NIM even retake the courses 
Calculus II. 
 
7. SUBJECT TO TEST EFFECTIVENESS 
 
       Effectiveness test for Learning Model for 
Calculus II is based on the theory APOS conducted at 
the Department of Mathematics Education the Faculty 
of Education University of Bung Hatta. Effectiveness 
test conducted using Quasi-Experimental design class 
design that has control, but it can not function fully to 
control external variables that affect the 
implementation of the experiment. So there is an 
experimental class, and there is a control class. 
 
8. DATA TYPES 
 
       The type of data in this research is quantitative 
data and qualitative data. The quantitative data 
obtained through a questionnaire and a test sheet. 
Qualitative data obtained from: the results of the 
discussions, observation / observation, feedback and 
suggestions for improvement are given in writing. 
 
9. RESEARCH INSTRUMENTS 
 
       According Nievenn (2010) a learning model is 
said to be good if it meets three criteria are valid, 
practical, and effective. 
 
10. RESEARCH INSTRUMENTS 
       According Nievenn (2010) a learning model is 
said to be good if it meets three criteria are valid, 




       Validity aspects associated with two things: (1) 
whether the model developed based on a strong 





       Practicality aspect can only be met if: (1) experts 
and practitioners claim that something is developed 
can be applied, and (2) the fact shows that, something 
that is developed can be applied. 
 
3. The effectiveness 
 
       Relating to the effectiveness of this aspect, 
Nieveen (2010) gives the following parameters: (1) 
expert and practitioner based on his experience stated 
that the model is good, and (2) are operationally the 
model provides results as expected. 
       The effectiveness of a teaching materials are 
usually seen from the potential effects of such quality 
learning outcomes, attitude, and motivation of 
learners. According Akker (1999) there are two 
aspects that must be met by the effectiveness of a 
teaching material. Namely: (1) Experts and 
practitioners stated that based on his experience 
teaching material is effective. (2) In operating the 
instructional materials provide results as expected. 
       In detail, according Suryadi in Yazid (2011) to 
see a teaching material was said to be valid, practical 
and effective, can be viewed as follows: it will be 
valid if: (1) The syntax of learning is supported on its 
appropriateness well by the function learning device, 
(2) Syntax and instructional materials capable of 
creating activities of students and lecturers with good, 
(3) syntax and teaching materials capable of creating a 
social system properly, and (4) Syntax and teaching 
materials capable of causing impact and impact 
instructional accompaniment. 
      Practicality if: (1) The syntax of learning can be 
implemented, (2) social systems can be created, (3) 
The principle of the reaction can be built, the impact 
accompanist and impact instructional be grown, (4) 
Students and teachers can carry out activities / 
activities in accordance with activities listed in the 
syntax of learning, (5) Lecturers can manage learning 
and function well, and (6) Lecturers can perform its 
role as a motivator, facilitator, originator of the idea. 
       As well as its effectiveness if (1) The average 
activity of students, active, (2) average activity of 
students on duty, active, (3) average relative 
effectiveness mastery learning materials, effective, (4) 
The response of students to the learning undertaken 
good / positive, and(5) The response of the teaching 
faculty who held a good / positive. 
To obtain data on 
the validity, practicalities, and test the 
effectiveness, prepared instruments to 
test: validity, practicalities, and the 
effectiveness of the model APOS. The instrument is 
an instrument validity, practicality instruments, and 
instruments effectiveness. 
        Instruments 
used for preliminary research, proptotyping phase, an
d test 
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the practicality and effectiveness (assessment phase) 
Calculus Learning Model Based 
on APOS Theory (MPK-APOS) is as in Table 2. 
Table 2. Research Instruments 




Needs Analysis At the stage of preliminary 
research, information obtained through the discussion and 
study of the documentation, and do not use instruments. 
Prototy-
ping Phase 
Validity Sheets validation and assessment 
instruments for Model Book  
Sheets validation and assessment instruments for Syllabus 
Sheets validation and assessment 
instruments for Learning Events Unit 
The validation and assessment instruments to Worksheet 
Sheets validation and assessment instruments for 
the introduction of Maple 
Practicalities Sheets validation and assessment instruments feasibility 
of APOS Model 
Sheets validation and feasibility assessment 
instruments APOS Model 
The validation and 
instruments practicalities Student Worksheet 
The validation and the 
practicalities instruments Worksheet by lecturer 
Asses-ment 
Phase 
effectiveness The student questionnaire responses and validation 
Student motivation questionnaire and validation Sheet 
Observation sheet lecturer's ability to 
manage Model APOS and validation sheet 
Student activity observation sheet, and the validation sheet 
Postes sheets and validation sheets 
 
Based on the results of preliminary 
research on learning calculus in terms of the model is 
currently running, coupled with an analysis of the 
content and learning objectives Calculus, student 
characteristics and learning resources Calculus, it can 
be concluded that the process of learning Calculus has 
not been satisfactory. Learning outcomes are still low, 
and students are passive. 
• Results of the Review of Literature 
        The Review of literature conducted by 
analyzing theories and concepts related to the 
development of the Learning 
Model for Calculus Based 
on APOS Theory (Model APOS). Literature used on 
Model Development APOS is as shown in Table 3. 
Table 3. Results Analysis Theory, Concepts, and Material in Model APOS 
N
o 
Theories, Concepts and Materials role 
1 Construction Model by Joyce and Weil (1992
) 
To sort the components model 
consisting of: syntax, Reaction Principle, Social Systems, 
Support Systems and Instructional impact, and the 
impact Accompaniment 
2 APOS Theory and Implementation 
(Dubinsky et al, 2001) 
To build syntax Model 
3 Meaningful Learning Theory by Ausabel To build syntax Model 
4 Learning theory according 
to Thorndike (koneksionisme theory) of 
the law of exercise 
To build syntax Model 
5 Model discovery Guided by 
Warren Colburn 
To design a worksheet 
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6 Social learning theory by Vygotsky 
 
To compile the Social System 
7 Cooperative Learning Model by  Slavin To prepare: Social System, Instructional impact, and the 
impact Accompaniment 
8 Active student learning by 
Jerome Brunner 
To prepare:  Instructional impact, and the 
impact Accompaniment 
9 Student Centered Learning Approach To prepare: Reaction Principle, Social Systems, Instruction
al impact, and the impact Accompaniment 
1
0 
System / Learning Tool Support System 
1
1 
Integral calculus by Purcell To design a worksheet 
1
2 
Application programs Maple and commands f
or Calculus II 
To design a worksheet and the introduction of Maple 
1
3 
Model development by Plomp (2013) Stages of development model 
consists of: Preliminary Research, Prototype Phase, Assess
ment Phase 
 
Based on the study of APOS theory, that the 
characteristics of learning based on the theory that 
learning APOS covers / to involve: (1) knowledge of 
students through mental constructed APOS; (2) using 
the cycle ACE (Activities, class discussions, 
exercises); (3) using a computer; (4) the students learn 
in small groups (Arnawa, 2009). 
       Implementation theory APOS in the learning of 
mathematics, with the cycle of ACE which stage 
activity day different implementation by stage 
discussion classes, that is associated with the notion 
of learning model as the activities undertaken from 
the beginning of learning, until the end of the study, it 
can be concluded that the study of mathematics-based 
theory APOS cycle ACE is not including learning 
models. In this case the necessary literature on the 
understanding learning models and learning models 
that already exist. 
       Based on the understanding of the learning model 
derived from the literature on learning models is 
developed mathematical learning theory-based APOS 
by developing a cycle of ACE became syntax Model-
APOS which consists of phases: orientation, 
Practicum, Discussion Group, Discussion Class, 
Exercise and Evaluation. 
       In general the results of the model construction 
using model construction by Joyce and Weil (1992), 
obtained the prototype design for learning model 
based on the theory APOS Calculus (Model-APOS) 




































































Figure 1 Model of Learning Calculus Based on APOS Theory (Hanifah, 2015) 
The following is an explanation of the syntax of a 
learning model for Calculus based APOS theory, 
which consists of phases: orientation, Practicum, 
group discussions, class discussion, Exercise and 
Evaluation. 
a. Orientation phase. The time allotted is 10 
minutes. Lecturer activity is to prepare students 
to participate in learning, using Worksheet based 
APOS Model, and explain the purpose of 
learning in the week. Prior to working with the 
new Worksheet, lecturers provide the 
opportunity for students to ask questions, and the 
lecturer concluded back material previous week. 
b. Practical phase. The time allotted to the lab 
phase is 50 minutes. In this phase, in which 
students are working on the Maple command, 
which is on Worksheet Practice. Answer Maple 
recopied by the students at the table already 
provided in Worksheet Practice. The purpose of 
the practicum phase are: introducing concepts, 
information, or a new situation. Practicum 
conducted in groups, with the division of typing 
a command, or copy answers Maple at a 
designated place. In addition to the computer 
labs, practical implementation can take place in 
the classroom, by the way, students bring laptops. 
During the practical implementation, the lecturer 
acting as mentor. 
c. Phase Discussion Group. The time allotted to the 
group discussion phase is 50 minutes. Students 
are required to discuss the answers to the 
questions relating to the contents of the table. 
Discussions in small groups will help students in 
finding and constructing, as well as understand 
the intent of the contents of the table. Through 
small group discussions, students are expected to 
understand the concept of learning is being 
discussed. To strengthen students' understanding 
of a subject, it is provided Worksheet Manual, 
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completed manually, without the aid of Maple. 
Students discuss the answer to such questions. 
For a subject, who can not be explained by 
Maple, the lecturer should provide scaffolding, 
on the subject. 
d. Class discussion phase. The time allotted is 30 
minutes. In this phase lecturers chose a group of 
students to explain the answers to the questions, 
which is in Class Discussion Sheet, in front of 
the class. Another group of students: listen, ask 
questions, or express opinions. Lecturers act as 
mentors who are ready to provide scaffolding. 
e. Exercise phase. Time for Exercise phase is 10 
minutes. Exercise phase aims to solidify student 
understanding, about a subject. Lecturer choose 
problems that exist in Exercise Sheet. The rest 
used as a matter of practice at home. To help 
solve the problems of home exercise, students 
are asked to study Calculus book. 
f. Evaluation Phase 
Evaluation phase is the phase of the lecturer to 
gather information, which can be used for 
decision making, whether the material can be 
passed on, or carried scaffolding for repairs, or 
for other decisions. 
g. Thus phases: orientation, Practicum, Discussion 
in Small groups, discussion classes, exercises, 
and evaluation, a series of activities, which will 
help students in understanding the concept of 
Calculus. The impact of learning by using Model 
APOS expected are: students are able to work 
together, be able to communicate, and have other 
skills, which are useful for the students 
themselves. 
 
• Validity Test Results 
All instruments used in this study at any stage of 
development as shown in Table 2, before use 
validated beforehand by the validator / experts that 
the instruments used can provide valid data. 
       After all the research instruments, considered 
valid by the experts (Dr, Darmansyah. M.Pd, Mudin 
Simanihuruk, Ph.D, Dr Jasnur Asri, Pd), the 
instrument is ready for use. The instrument used to 
test the validity of the model-APOS, and a learning 
device, which is filled by the experts, just to be 
concluded, that the instrument is valid. But for 
questionnaire responses of students, student 
motivation questionnaire, and practicality Worksheet 
questionnaire by the user, as well as validated by 
experts, the questionnaire also through the test 
validity and reliability testing. 
       Test the validity of the questionnaire used to 
assess whether the data from the questionnaire is 
completely appropriate / accurate / valid to measure 
the research variables. While reliable test is used to 
assess whether the data from the questionnaire to be 
trust worthy / reliable or not. 
 
Table 4. Summary of Test Results Validation for Product Research 





ry V-1 V-2 V-3 
1 Books 
about APOS Model 4 4.96 4.84 4.56 91.12 
HV 
2 syllabus 4 4.87 4.8 4.56 91.11 HV 
3 Unit Learning Events 4.17 4.78 4.72 4.56 91.11 HV 
4 Worksheet 4.1 4.97 4.8 4.62 92.44 HV 
5 Maple introduction to C
alculus  4.33 4.67 4.83 4.61 92.22 
HV 
 Mean End 4.12 4.85 4.80 4.58 91.6 HV 
 
Note: HV = High Validity 
Summary of Results Validation Instruments Research by experts 
 
Code Validator The mean value of 
the Validator 
V-1 Dr. Yerizon, M.Pd  4.12 
V-2 Prof. Dr. Riyanto, M.Pd  4.85 
V-3 Prof.Dr. Wahyu Widada, M.Pd 4.80 
 
 




• Test Results Practicalities 
       Activity at this stage is focused on field trial aims 
to determine whether the model developed practical. 
Practicality aspect can only be met if: (1) experts and 
practitioners argue that what is developed can be 
applied, and (2) the fact shows that what is developed 
a total score 
Score Max 
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can be applied. Therefore, the test is based on the 
practicalities of the following assessment: (1) the 
feasibility of applying the Model APOS; (2) 
observation keterlaksanaan Model APOS; (3) 
assessment Worksheet by the lecturers; and (4) 
assessment Worksheet by students. 
       Assessment of the practicality of the APOS 
Model implemented through individual testing, small 
group trial, and the trial in the classroom. The main 
support system for Model APOS is Worksheet. 
Worksheet consists of: Practical Worksheet, 
Worksheet Manual, Class Discussion sheets and 
sheets Exercise. Worksheet is not intended to replace 
the primary source book. Spreadsheet is not only for 
students, but Worksheet can also be used by lecturers. 
Usage Worksheet by lecturers is to equip lecturers as 
mentors. Lecturers can replace the functions or 
numbers on a Worksheet with a function or other 
numbers as needed. So Worksheet based APOS 
Model, more dynamic. 
 
Tabel  5.  Recapitulation Practicality Test Results of MPK-APOS at  UNIB 
No Aspect Mean  Percentage Category 
1 Feasibility Application of APOS Model  4.60 91.94 % very Practical 
2 How accomplished Model APOS 
 4.64 92.63 % 
very Practical 
3 Practicality Worksheet by assistant 
 4.54 90.88 % 
very Practical 
 
4 Practicality Worksheet by lecturer 
 3.82 76.49 % 
Practical 
5 Practicality Worksheet by Student 
3.84 76.63 % 
Practical 
 Mean 
4.29 85.71 % 
very Practical 
 
From Table 5 shows that the average value of the end 
of practicality Model APOS is 85.71%, and the 
category of very practical. 
• Effectiveness Test Results 
        The purpose of this stage is to conduct more in-
depth assessment of the prototype, which has been 
valid and practical. Assessment is done is, to test the 
effectiveness. Activity at this stage is focused on field 
trial aims to determine whether the model developed 
is effective. 
       The instrument used to collect data effectiveness 
are: 1) The faculty of observation capabilities in 
managing Model APOS; 2) The observation of 
student activity; 3) Questionnaire on student 
motivation; 4) Questionnaire on student responses; 
and 5) post-test sheet. 
       In general the effectiveness of the APOS Model 
test results are as follows. 
 Tabel 6. Recapitulation Effectiveness Test Results of MPK-APOS        
No Instruments Percentage Category 





2 Student activity 
 
96.765 very Effective 
3 Student response 
 
79.17 effective 
4 Initial motivation Students 
 
79.13 effective 
5 End Student Motivation 
 
81.08 very Effective 
6 Postes Result 
 
67.75 effective 
 Mean End 80.4325 effective 
 
       
From Table 6 shows that the average final 
effectiveness test is 80.6325%, and including 
effective category. The highest value obtained for the 
student activity with a mean value = 96.765%. That is 
supported by APOS Model Worksheet, can increase 
the activity of the lecturer as a mentor 
mahasiswa.Peranan greatly help the success of 
learning. The presence of observers influence 
keaktivan students. 
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        Here is an explanation of the results of the 
posttest students. The average value for each class is 
the sum of the values postes all students divided by 




Figure 2. Graph Summary of Value Postes Calculus II 
       
The average value of the experimental class is 67.75, 
and including effective category. The average value of 
the control class is 58.40, and the category is quite 
effective. There are differences in the average value 
of 9.35. 
 
• Normality Test 
Tests of Normality 
 Class Kolmogorov-Smirnova Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 
Postes Result 
1.00 .111 36 .200* .952 36 .124 
2.00 .121 40 .141 .959 40 .150 
*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 
Figure 3. Normality Test Results of Value Postes 
       
From Figure 3 shows that the normality test value 
postes Class Experiment 1:00 code generates sig. = 
0.200 using the Kolmogorov Smirmov, and sig. = 
0.124 using the Shapiro-Wilk test. Both sig. The> 
0.05. That is the value postes Class Experiment 
distributed normally. Normality test value postes 
Control Class 2:00 code generates sig. = 0, 141 using 
the Kolmogorov Smirmov, and sig. = 0.150 using the 
Shapiro-Wilk test. Both sig. The> 0.05. That is the 
value of the Control class postes distributed normally. 
• Homogeneity Test and Test T 
      Homogeneity test and t test for independent data, 
performed using SPSS. The result is as follows. 
Independent Samples Test 
 Levene's Test 
for Equality of 
Variances 
t-test for Equality of Means 














.640 .426 1.913 74 .060 9.35472 4.89099 -.39080 19.10024 
Equal variances not 
assumed 
  1.920 73.928 .059 9.35472 4.87136 -.35184 19.06128 
Figure 4. Test Results and Test Homogeneity T Value Postes 
From Figure 4 shows that the value of F calculated 
using test Levene's test = 0.640 with sig. 0.426. 
Because sig. = 0.426> 0.05, it was concluded that the 
two variances homogeneous. 
       Since both the variance homogeneous then taken 
sig. to test the average ratio = ½ x 0.060 = 0.030. 
Because sig. = 0.03 <0.05, it can be concluded that 
the null hypothesis is rejected. It means that the null 
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significantly better than the control class value. It can 
be concluded that there MPK-APOS influence on the 
results of experiments studying Calculus II class 
significantly. 
      
11. CONCLUSION 
 
1. Based on the preliminary studies we concluded that 
the learning model that lasts Calculus has not been 
effective. Calculus is still ongoing learning process in 
conventional, passive students, learning outcomes 
have not been satisfactory. 
2. Based on the results of preliminary research and 
based on the Review of literature, calculus learning 
model is developed based on the theory APOS 
(Model APOS). After a series of trials, namely: test 
validity, test the practicalities, and test the 
practicalities, it could be concluded that the model 
APOS developed including the category of very valid, 
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